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Typical hybrid conf~ 
thlck film substrate 
chips. 

This is o~rothcr in a sen-es of artirks to acqtrair?t 
rcadcrs of '%gh-Orafoy" wirk activ~ties iir tlre . P I ,  
Research ond A dvanccd Dcvcfopn?~nr Pruga!?l sflor?- 
sorcd hy A'ASA and directed by the Office of 
Research ond Advanced Det~eIo~~mcr~f. 

''I?cksgingq' means many tl~ings to many people. To some. 
it's putting groceries in a box a t  the corner store; to ottbers, 
like the personnel in Section 357 Elect tonic Packaging a d  
Cabling, it means the design, assembling and interconnection 

. o f  complex electronic components into subsystems. 
Such subsystems have flown in all JPL spacecraft. 
Because the electronic circuits arc becoming smaller and 

more complex aIl the time, the problem of  interconnectlllg 
becomes greater. A good examplc is thc thimble w l ~ i c l ~  holds 
over $000 (you may count them if you wish) integrated circuit 
chips, each onc containing scvcral transistors, resistors, diodes 
and other components. In order Tor these cliips to function in 
a useful dcvicc they must be mounted and interconnected - or 
In other words, "packaged and cabled." 

The problem: starting out with a thimble full of  chip^, or 

v about 20,000 to 30,000 chips per cubic inch, by tlte tulle 
humans with their big fingers run wires bctwccn tlrc chips to 

flatpack s'de obtain a functioning system (computer or olhcr) the result is a 
package showing 

The "stick" density of one t o  five cliips per cub~c incf~. The Section 357 

above) and 
wiring side (bs'aw'- 

Advanced Technology work under Earle Bunker is directed 
toward this basic problem of making in t c rconnec t~o~~s  s~naIler, 
without loss of reliability and still maintain a rcpalr and 

"WI RECON" Module showing 
cordwood packaging 

of discreet electronic 
components. 
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modification capability. 
Originally, tlic chips were mounted in her~netically sealed % 

inch square flat contni~rers (flatpacks) wit11 10 to 14 flat leads 
extcndcd so external conncctiuns could be made. A 
breaktt~raugl\ in flatpack interconnection WAS acli~cucd in the 
"stick" concept, originally invented at JPL by Len Katzin, and 
now in ~ c n c r a l  com~nercial use. Developments it1 fine wlse 
welding technology jn El~e Microjoin~ng Laboratory by Ray 
Jorgenscn made it possible to  achieve a rclcable interconnec- 
tion with welding rathcr than solderlnp of solid wirc, fur both 
stick and "cordwood" modulcs. 

A further reduction In slze can he achicvcd by printing the 
conductor pattern rathcr than the individual routing of wires. 
Callcd tlic "thick film" process, a cunductor pattern is drawn 
up, ptiotopnphically reduced and a "~i4k'"creen (actually 
stainless steel) paltern niadc. A paste is rorccd tl~ruugh tltc 
votds 01111) d L l k i ~ ~  CC'TIIII~C p[3tc W I I I C ~  :S rlxn prlsscd tl~rtluglj 3 
furrjace which n~clts and ruses tlic pastc into a conducting 
pattern. In a drnilar tnar1ner, resistors and cspaclfors can be 
fircd on the same ccrarnlc substratc. Transistur ;utd intcgratcd 
circutt chips. without ~ h c  flatpack rises. arc thcti bonded to  
conducting pi&, forming a co~nplctc c~rcu~t  n~uclj smaller 
than the stick apprnach. Thc advantages of chip repl;~cement 
and minor wiring changes arc present botlt in ~ h c  stick i ~ n d  
thick Fllln configuraf i o ~ ~ s .  

Some of the welding equipment in 
the Microjoining Laboratory. 

Packaging also has oilier connotations in t l ~ c  ;idvanccd 
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atlon uslng a f ~ r e d  
erconnecting three \ 

Gloria Hoelscher screening 
a conductor pattern on the -4 

a substrates in the Hybrtd 

C3 Chfin.o", furnace , 
Microelectronic Facil~ty. Screened.on 

Bick!er 1s requ. 
Pattens ro the Ire@ to f(, 

*laces the the 
ubsrr~,, krge whlre 

Rice . mbstraies on k t  

dcvcZoprtient work o f  the section. 1I1gh voltages, always of i"seets me f iOlshed 'he belt 

concern. came tu thc forefront after the Ranger VI TV Prod. 

caincns refused to f~lnction the last ten minutes of a perfect 
fligl~t. nn:llysis of data afterward seemed t o  indicate the TV 
high vnltagc supplies tt~advertently and unexplalnably came on 
du r~ng  passage tl~rough the region where the voltage break- 
down strct~gtli of  air IS a rninlmum; around 110,000 fect of 
altitudc. I-lere voltages as low as 270 volts may cause corona or 
Arcaver. In addition, it has bccn reccntly csti~natcd that the 
at~nospheric pressure at the surface o f  !+Ian is equ~valent t o  
this same altitudc of  lowcst breakdown strength on earth. 
Therefore, any Mars Lander muqt be dcsigncd ta  operatc 
without voltagc breakdown. Slnce there may be other g s e s  on 
Mars whic t~  would reduce this 770 volt rnlnrmum even further. 
tlic ultiniate test would require the high uuliage subsystems tu b r i n e ,  
be dunked in salt water whlle opernttng. S"bstitot,o uDDer ring 

Encapsulat~on or potiing (putting thc electronic ~noduIes in n. e* a 

J mold and fill~ng up w ~ t h  plastic) 1s one solutio~i to the high *hip (/eft, 

voltage problem. But many times in packag~ng, onc p r~b lc rn  IS 
as C O m ~ a r w  

to nrinted 
~fllved nnly t o  f~nd others introduced. Conductor 

As the temperature is decreased, many plastic cncilpsulatio~~ 
materials c o n t r ~ c t  much ]nore rapldly than the embedded 
clcctronic coniponents. At 40°F one or the most popular 
r l~atcr~als subjected the clectronic components to a cruslung 
prcssurc aT murc thdn 3000 pounds per square 1tlct1, or putting 
II  anull~cr w ~ y ,  200 tlrnes sea levcl alr pressure, w l ~ ~ c h  
damaged roinc cntnpnr~ents. Extenslve measurements of thc 
pressures generated by plastic materials llave been made uslng Qmob , rhe 
thc cunvcntio~lal mercury thernio~neter, wlilcti makes a good Oratory- Plasfjcs 
Itiexpctlslvc pressure gauge Another prohltm is that many 
plastic inatcrials outgas, or gwe off vapors under vacuum 
wliicti l t~ay result in a radlcal clldnge in properties, coating of 
adjaccnt Icnses or intcrfcrcncc with del~cate mechanisms on 
the spacecraft durlng the ~n i s s~on .  

Thc CSAD Lander, designed t o  be dropped on Mars from a 
passing Mariner type spacecrart, had encaps~rlated cavity 
antennas so the dellcafe internal elements would survlve the 
l r~gl l  landing jolk. I n  addition to all t11c above rcquircments for 
pld\t~c encdpsulatl~~g fnater~ds ,  D ~ C W  trlnrc wcrc addcd; such a h  

Iugt~ crusl~rig stret~gtli and su~tahlc electrical c l~ar :~cier~s t~cs  a t  
itllcmwavc frequcncics. 

Intcrconr~cction of the clcctrun~c subsystems or t t ~ c  Marirter 
'64 was acli~eved by J largc printcd conductor harness which 
rcsultcd 111 d s~g~~if ic ; in t  wc~glit saving ovcr the convent~onal 
wire cablc Iiarncss-lruug!~. 

t'ackagiitg wark, like woman'< work, "is never done." Thcre 
1s always solnetli~ng tiew over Ille I lor i~un.  m! 

Ron Marzek measwrlng the characteristics of plastjc 

-Earle R. Bunker. Jr faam for antenna encapsulation 
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